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1
MULITI CHIP ELECTRONIC SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention concerns electronic systems in gen-
eral, and particularly electronic systems realized in the form

of Integrated Circuits (“IC”), integrated 1n two or more chips.
2. Discussion of the Related Art

“Multi-Chip Modules” or MCM, also known as SIP (“Sys-
tem-1n-Package”, 1.¢. electronic systems contained 1n a single
package) are known 1n the art, that include two or more ICs,
constituting respective sub-systems of the electronic system,
integrated 1n respective chips and contained 1n a single pack-
age.

The SIPs are often used 1n alternative to systems denomi-
nated SOCs, (“System-On-Chip”, 1.e. whole electronic sys-
tems integrated on a single chip), in which all the circuital
parts that compose of the electronic system to be realized are
integrated 1n a single chip.

In an SOC, the IC ntegrated in the single chip can for
instance include a microcontroller or a microprocessor, and/
or a Digital Signals Processor (DSP), a memory constituted
by one or more memory blocks of various type, such as for
example Read Only Memories (ROM), Random Access
Memories (RAM), and non-volatile memories, for instance
of Flash type, to store the program that 1s to be executed, for
example, by the microcontroller that governs the operation of
the SOC, as well as blocks of management of the power
supply (like, for instance, voltage regulators and charge
pumps) and all the circuits that enable the communication of
the 1C with the outside.

Various types of SOCs are available in commerce, such as
custom-designed (“full custom™) SOCs or SOCs with pro-
grammable functionality, programmable by an external user
(like for instance in the case of “Field Programmable Gate
Arrays”, FPGAs). In any case, the SOCs are normally real-
1zed by integrating the circuit components on the single chip
using a single, very complex manufacturing process flow,
because 1t has to include all the phases necessary to the
realization of components very different from one another.

The complexity of the manufacturing process constitutes a
disadvantage of the SOCs, that has a significant impact 1n
terms ol achievable yield 1n manufacturing process. Addi-
tionally, the SOCs of “full custom™ type exhibit a high cost of
development, which substantially impacts on the total pro-
duction costs of the implemented electronic system.

The SIPs do not exhibit the above-mentioned drawbacks,
since, as mentioned, they comprise two or more chips, 1n each
of which a respective IC 1s integrated, by means of an ad-hoc
manufacturing process, adapted 1n use to perform its own
tfunction, independently from that of the ICs integrated in the
other chips contained in the same package. For instance, 1n a
chip the microcontroller or the microprocessor or the DSP 1s
integrated, in another chip the RAM 1s integrated, in still
another chip the ROM or the Flash memory 1s integrated.

In a SIP, every IC includes a functional circuit core adapted
to implement the specific functionality required to that IC, but
a high number of service circuit structures 1s also integrated 1n
every chip, that interact with the functional circuit core.

For example, in the case of a microcontroller, the func-
tional circuit core 1s constituted by the central processing unit
(the so-called CPU), 1in the case of a memory device, the
functional circuit core includes a memory cells matrix; still in
the case of a memory, the service circuit structures include all
the circuit components adapted to manage the operations to
be performed by the memory device, typically data read
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operations and, where the memory 1s programmable, data
write and erase operations; typically the service structures

include for example the charge pumps adapted to generate the
operational voltages used during the write/erase operations
on the memory, the decoding circuits for accessing the
memory cells and the input and output buifers used for inter-
facing the chip with the external environment. In the case the
IC 1s a microcontroller, the service circuit structures also
include the mput/output butlers.

The Applicant has observed that the integration, on every
chip, of the service circuit structures, 1s disadvantageous 1n
general, since it leads to an increase 1n area of material, and
this 1s particularly true in systems to be used in portable
apparatuses (like, for instance, 1n MP3 devices and in cellular
phones), 1n which 1t 1s important to reduce the space occupa-
tion.

Additionally, 1t often happens that the service circuit struc-
tures are designed to satisiy less stringent requirements com-
pared to those required to the functional circuit cores of the
ICs. In other words, the service circuit structures are realized
with design rules and manufacturing process different from,
being more relaxed, those related to the functional cores;
integrating on a same chip both the functional cores and the
service circuit structures of the ICs has the result that the
lithographic apparatuses used during the production process
are not exploited at the best of their possibilities: often 1n fact
in an IC a 50% thereof is represented by the service circuit
structures.

SUMMARY OF THE INVENTION

The Applicant has found that a possible solution to the
outlined problems including integrating an electronic system
on different chips, separating the sub-systems that compose
it, and possibly parts of the sub-systems themselves, and
integrating on a same chip that or those sub-systems that, for
their structural and/or functional nature, can be shared by two
or more other sub-systems.

For instance, according to an embodiment of the present
invention, the service circuit structures that are normally 1nte-
grated in different chips, being on every integrated IC chip
exclusively devoted to the functional circuit core on such
chip, are instead at least partially integrated on one or more
separate chips and shared by two or more ICs of the electronic
system.

In this way, not only 1t is possible to save area, inasmuch the
necessity of duplicating circuit structures 1s avoided, or how-
ever 1t 1s reduced, but 1t 1s also possible to exploit to the best
the lithographic apparatuses; 1n fact, the most sophisticated
and expensive apparatuses can mostly be devoted to the inte-
gration ol the sub-systems designed with more stringent
rules, such as for instance the memory matrices, while for the
realization of the ICs devoted to service circuit structures, that
are designed with more relaxed rules, apparatuses of preced-
ing generations can be employed, whose cost has already
been amortized.

Particularly, the present invention provides a solution as set
forth 1n the independent claims.

Advantageous embodiments of the invention are set forth
in the dependent claims.

In detail, an aspect of the present invention proposes an
clectronic system adapted to perform a corresponding func-
tion and comprising at least a first subsystem and a second
subsystem. The first subsystem and the second subsystem are
operatively couplable to each other through a plurality of
clectric connections to perform the function of the system.
The first subsystem and the second subsystem are respec-
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tively integrated on a first material chip and on a second
material chip, and said plurality of electric connections
includes a plurality of conductive through holes realized 1n at
least one of said first and second chip and adapted to form a

corresponding plurality of inter-chip electric connections
when the first and the second chip are superimposed.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects, and advantages of the present
invention will be made clear from the following detailed
description of one embodiment thereof, provided purely by
way of non-limitative example, description that will be con-
ducted making reference to the attached drawings, wherein:

FIG. 1 shows a conventional SIP;

FI1G. 2 schematically shows an electronic system according,
to an embodiment of the present invention;

FI1G. 3 A schematically shows an electronic system accord-
ing to a further embodiment of the present invention;

FI1G. 3B shows a structure of principle of a memory sector,
according to an embodiment of the present invention;

FIG. 4 shows an exemplary application scenario of an
electronic system according to an embodiment of the present
invention; and

FIG. 5 shows another exemplary application scenario of an
clectronic system according to an embodiment of the present
invention.

DETAILED DESCRIPTION

In the following description, similar or identical elements
in the drawings are denoted with the same references numer-
als.

With reference to FIG. 1, a conventional SIP 100 1s shown.
The SIP 100 includes a chip support or “chip carrier” 110, two
(as 1n the example) or more chips 115, that are placed on the
upper surtace 120 of the support 115; an encapsulation layer
(not shown 1n the figure) covers two (or more) chips 115,
encapsulating them. The support 110 includes a plurality of
contact pads 125. The chips 115 also include a plurality of
contact pads 130, that are electrically connected to the contact
pads 125 of the support 110 through conductive wires 135.

Every chip 115 integrates a respective IC that 1n use 1s
adapted to perform 1ts own function, thus implementing dii-
ferent sub-systems of the overall electronic system.

To this purpose, every IC integrated 1n one of the chips 115
includes a functional circuit core, adapted to implement the
functionality required to the IC, and a high number of service
circuit structures, that manage the various operations on the
same chip, interacting with the functional circuit core.

In the considered example, referring to an electronic sys-
tem comprising two memory ICs, 1 the memory IC inte-
grated on the generic chip 1135 the functional circuit core
comprises a matrix of memory cells while the service circuit
structures include all the circuits adapted to manage the
operations of reading and, where provided for, writing and
erasing oi the data, to be performed on the memory device; for
example, the service circuit structures typically include
charge pumps adapted to generate the operational voltages
used during the write/erase operations on the memory, the
circuits for decoding the addresses to access the memory cells
and the mput and output buffers used for interfacing the
individual chip with the external environment. This causes a
significant increase 1n the area occupied by each chip 115,
because several circuit structures are duplicated, and also the
problems of scarce efficiency of the manufacturing process as
underlined 1n the foregoing.
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Additionally, each conductive thread introduces parasitic
elfects (such as parasitic capacitances) that cause a significant
reduction of the frequency of the signals used during the
operation of the electronic system, thereby penalizing 1ts
overall performances.

The ICs integrated in the chips 1135 can be for example
realized using a Complementary MOS (CMOS) technology
capable of realizing MOS transistors with minimum channel
length equal to 90 nm. During the manufacturing process of
the device, and particularly during the phase in which the
process ol micrometric lithography 1s performed, only the
memory cells matrix actually requires an advanced process of
micrometric lithography capable of impressing on the semi-
conductor material wafer geometries of minimum size (in the
considered example, 90 nm). On the contrary, in the remain-
ing part of the memory (i.e. the part of the service circuit
structures) the devices are realized with significantly greater
minimum dimensions (for example, 200 nm) compared to
those used for the memory cells matrix. In such a case, since
the structure of the memory device 1s impressed 1n a single
process phase, the resolution capabilities of the lithographic
apparatuses are not eificiently exploited, thereby significantly
increasing the production costs of the memory device.

Similar considerations hold true for the process phases in
which the oxide diffusion processes are performed. In the IC
integrated 1n the generic chip 1135, the service structures are
implemented using MOS transistors with oxides having a
thickness of about an order of magnitude lower 1n comparison
to that of the transistors used for implementing the memory
cells. For example, the decoding circuits and the input/output
builers can include transistors having oxides with thickness
that vary between 3 nm and 4 nm, while the oxides used for
the memory cells have thickness of about 10 nm. In this case,
during the manufacturing process, for every memory device
both the types of oxides have to be formed on the whole area
of the semiconductor wafer, and then they need to be removed
from where they are not necessary, increasing the complexity
and the costs of the manufacturing process and penalizing the
final yield of the implemented electronic system.

According to an embodiment of the present invention, the
above-mentioned problems are at least partially solved thanks
to an approach that substantially 1s the opposite to that
adopted 1n SOCs.

With reference to FIG. 2, an exemplary electronic system
200 according to an embodiment of the present invention 1s
shown, comprising a plurality of two or more ICs, integrated
on two or more respective chips 210, (for 1=1 . . . n, 1n the
shown example n=4). The chips 210, are 1n particular stacked
one onto the other, and they are preferably mounted on a chip
support 215 (for example, multi-layer substrate comprising
several layers formed with different materials, like plastic,
ceramic or laminated materials, for example of the type used
in the known packaging technique called “Ball Grid Array” or
BGA). To such end, one among the chips 210, of the plurality,
that 1s located at the top of the stack of chips 210, includes for
example contact pads Pc that are connected through connec-
tion wires W to a corresponding plurality of contact pads Ps
provided on the support 215.

On every chip 210: respective ICs are integrated, that can
include analog and/or digital circuits, and that implement
different sub-systems of the general electronic system 200. In
an embodiment of the present invention, the I1C integrated on
the generic chip 210, 1s fabricated through a dedicated process
flow optimized for the fabrication of that IC. The different
chups 210i, each with integrated the respective IC, are then
assembled together to form the electronic system 200. It 1s
observed that, 1n some embodiments of the present invention,
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two or more chips 210, of the plurality can integrate similar or
identical ICs, from the functional point of view, realized using
the same manufacturing process flow.

In the following description, the index used for designating,
the chips 210, that are stacked one onto the other 1s assumed
to increase in departing from the support 215 (that1s, from the
bottom upwards).

In the herein considered exemplary embodiment of the
invention, the plurality of (two or more) stacked chips 210, 1n
which there are integrated the I1Cs that constitute the overall
clectronic system 200 includes a chip, in the example the chip
210, placed at the top of the stack, or in general at an end of
the stack of chups, and one or more chips, altogether denoted
with 210, 1n the example the chips 210,-210,, stacked
between the support 215 and the end chip 210,.

For instance, the electronic system 200 1s a memory device
comprising several memory ICs; however, this 1s not to be
intended as limitative to the present invention, since the solu-
tion according to the present invention can be applied to any
other electronic system implemented using two or more chips
(such as, for mstance, electronic systems comprising micro-
processors, microcontrollers, DSPs, as well as any combina-
tion of analog and digital ICs, for instance radiofrequency
transceiver ICs in combination with memory ICs and/or
microcontrollers, microprocessors, DSP ICs).

On every chip, not only electronic circuits can be inte-
grated, but 1n general systems of various nature (microme-
chanical systems, microelectro-mechanical systems and elec-
tronic systems), such as MEMS (“Micro Electro-Mechanical
System”) and MOEMS (*“Micro Opto-Electro-Mechanical
System”), that combine the electrical/electronic properties of
the semiconductor 1Cs with mechanical, electromechanical
and also optical properties. MEMS or MOEMS for applica-
tions of projection of 1mages in applications of digital pro-
cessing thereol can for example be integrated on one or more
chups. In such a case, the MEMSs or MOEMS integrated on
the chip comprises the elements (like matrixes of mobile
micro-mirrors ) that are used for driving, filtering and possibly
amplifying the light so that a color image can be obtained.

However, 1n the following of the description, for brevity 1t
will be assumed that 1n the various chips 210, only electronic
ICs are provided, and particularly, as already mentioned, IC
adapted to provide altogether a memory device.

The ICs integrated in the chips 210, belonging to the plu-
rality 210 ofthe memory device 200, 1n the example the chips
210,-210;, include matrixes 220 of memory elements or
cells, for instance non-volatile memory elements, for
example of the Flash type. More 1n detail, the Flash type
memory elements that form the memory matrix 220 inte-
grated 1 every chuip 210, are for instance electrically pro-
grammable memory elements, and each memory element can
for instance include a floating gate MOS transistor, that stores
a logical value defined by 1ts threshold voltage (which
depends on the electric charge stored 1n 1ts floating gate). In
alternative embodiments, the non-volatile memory elements
can be different, for instance ferroelectric elements, or phase-
change elements, or combinations thereof, or they may be
volatile memory elements, for mstance DRAM or SRAM
memory cells.

The memory matrices 220 integrated on the generic chip of
the plurality 210, are, in the herein considered example,
divided 1n two, or more, sub-matrixes or memory sectors 225.
The sectors 225 can for instance be individually addressable.
For example, in case the memory ICs itegrated on the chips
of the plurality 210, are of the Flash type, which as known do
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not allow the erasure of individual memory elements, the
generic sector 223 can represent the block of memory cells
that can be erased at a time.

In detail, in the generic memory sector 225 the memory
cells are organized 1n a plurality of rows, each one connected
to a corresponding word line WL, and 1n a plurality of col-
umns, each one connected to a corresponding bit line Bl.

According to an embodiment of the present invention, 1n
the IC imtegrated on the generic chup 210, belonging to the
plurality 210, the word lines WL and the bit lines BL of each
sector 225 1n which the matrix 220 1s subdivided are con-
nected, through conductive strips, in metal or in polysilicon or
other material, to a corresponding group of conductive
through holes (“through vias™) 230, (in the example at 1ssue
n=1...3); every through hole electrically connects an upper
surface 235, of the chip 210, of the plurality 210, to a lower
surface 240, of the same chip 210..

The through holes 230, can be provided forming a suili-
ciently deep excavation to pass through the chip, subse-
quently filled with conductive material (for example, Cu). A
possible technique for forming the through holes 230, 1s for
example described in K. Takahashi et al., “Process Integration
o1 3D Chip Stack with Vertical Interconnection”. Particularly,
the excavations adapted to form the conductive through holes
230, are provided by etching a substrate of the chip 210,
starting from 1ts upper surtace 235, until a level correspond-
ing to the lower surface 240, 1s reached. The walls of the
excavations are subsequently covered by a layer of dielectric,
and they are finally filled with the selected conductive mate-
rial. The substrate 1s then planarized, up to uncover the bottom
of the excavations, so as to form an electric contact between
the upper surface 235, and the lower surface 240, of the chip
210,. With this technique, conductive through holes can be
provided, for instance of square shape, with side of the order
of 10 um spaced apart of a pitch of the order of 20 um.
However, 1n alternative embodiments of the present imnven-
tion, the conductive through holes 230, can be of different
shape and their size and pitch provided above are to be
intended as only exemplary, since other values of such quan-
tities are possible.

The chip 210, (which, 1n the considered example, occupies
the position at the top of the stack of chips 210,) includes
service circuit structures 245, comprising the circuits used for
the management of the memory device 200 and the circuits of
interface with the external environment. The service circuit
structures 245 include 1n particular a power management unit
250, a control unit 255 and a decoding system 260. Particu-
larly, the power management unit 250 1s adapted to provide
the bias voltages used for the management of the various
operations on the memory device 200 (for instance, voltages
from 1V to 13V) while the control unit 255 1s adapted to
provide the control signals that serve for driving the various
sub-systems of the memory device 200.

The decoding system 260 1s used for accessing the memory
cells 1n response to an address code recerved from outside the
memory device 200, and 1t comprises a plurality of row
address decoding and selection blocks 265 and a plurality of
column address decoding and selection blocks 270, respec-
tively used for the selection of the word lines WL and of the
bit lines BL of the memory sectors 2235. In an embodiment of
the present mnvention, the row address decoding and selection
blocks 265 and the column address decoding and selection
blocks 270 associated with the sectors 2235 placed along a
same line Y0 1n the stack of chips 210,, are also placed along
the line Y0. Nevertheless, 1in alternative embodiments of the
invention the row address decoding and selection blocks 265
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and the column address decoding and selection blocks 270
may occupy different positions.

To access the memory cells belonging to the sectors 225,
cach row address decoding and selection block 265 comprises
a plurality of row decoding and selection signal terminals
clectrically connected, through conductive strips, in metal or
in polysilicon or other material, to a corresponding group of
conductive through holes 275, formed in the chip 210, (such
through holes have, for example, characteristics similar to
those of the through holes 230, ). Likewise, every column
address decoding and selection block 270 comprises a plu-
rality of column decoding and selection signal terminals con-
nected correspondingly through holes 275, formed in the
chip 210,. Each through hole 275, connected to a respective
terminal of the plurality of row decoding and selection signal
terminals 1s electrically connected to a corresponding word
line WL of a memory sector 225 integrated 1in one of the chips
210, of the plurality 210, through a conductive path (that 1n
the following 1s also referred to as “inter-chip connection™)
that uses the through holes 230, formed 1n the chips 210, of
the plurality of chips 210.. Likewise, each through hole 275
connected to a respective terminal of the plurality of column
decoding and selection signal terminals 1s electrically
coupled to a corresponding bit line BL of a memory sector
225 integrated 1n one of the chips 210, of the plurality 210,
through an inter-chip connection that uses the through holes
230, . It1s noted that, to form inter-chip connections between
non-adjacent chips, for instance the chip 210, and the chip
210, intermediate through holes 280 are provided for, having
for example characteristics similar to those of the through
holes 230, and formed 1n suitable positions 1n the interme-
diate chip or chips between the two non-adjacent chips to be
connected, such as, 1n the shown example, the chips 210, and
210,.

Particularly, the inter-chip connections, for instance for
connecting the row and/or column selection signal terminals
tformed on the chip 210, to the word lines WL and, respec-
tively, the bit lines BL on the chip 210, , are provided using the
through holes 275, 1n the chip 210, the intermediate holes
280 1n the chips 210, and 210, and the through holes 230, , 1n
the chip 210, so as to form a conductive path that provides the
clectrical connection between the service circuit structures
245 and the memory sectors 225.

In alternative embodiments, the chip 210, that 1s 1n contact
with the support 215 may comprise simple superficial contact
areas (without conductive through holes) used for contacting
the conductive through holes formed 1n the chip 210, so as to
receive the operational signals.

In FIG. 2 there are indicated in dashed style lines Ym (in the
considered example, m=1 . . . 3) along which the inter-chip
connections between every through hole belonging to the
group ol through holes 230, and the corresponding through
hole belonging to the group of through holes 275, are real-
1zed. Similar considerations applies for the bit lines BL, each
of which 1s connected to the decoding system 260 through a
conductive path using corresponding through holes aligned to
one another and connected to form a conductive path.

It 1s noted that, considering a generic word line WL of the
generic sector 225 of a generic chip 210, belonging to the
plurality 210, for example the chip 210,, the electric inter-
chip connection allows to connect electrically the word lines
WL related to the sector 225 to the decoding system 260. In
this way, the management of the operations to be performed
on the memory cells 1s entrusted to the service circuit struc-
tures integrated in the chip 210, and it 1s not necessary to
provide service circuit structures locally integrated on every
one of the chips belonging to the plurality 210.. Particularly,
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according to an embodiment of the present imvention, the
duplication of the service circuit structures 1s reduced, so that
not only 1t 1s possible to save chip area, but it 1s also possible
to exploit to the best the photolithographic apparatuses used
for mtegrating the different sub-systems of the electronic
device 200; 1n fact, the most sophisticated and expensive
apparatuses can mostly be devoted to the integration of the
memory matrices, that as known use higher integration scale
and more stringent design rules compared to the parts that
realize the service circuits; for the realization of the ICs
devoted to the service circuit structures, that are designed
with more relaxed rules, apparatuses of the preceding gen-
eration can be employed.

In order to be able to univocally select the memory sectors
225, the position of every chip 210, within the stack 1s such as
to provide the correspondence between the through holes

230, , the through holes 280 and the holes 275, along the

I#27

shown directions; 1n other words, the through holes 230 1n
that connect a word line WL and/or a bit line BLL with the
decoding system 260 are positioned within every chip 210, 1n
such a way as not to coincide with the respective through
holes related to a different word line and/or bit line, both
belonging to the same sector and belonging to different sec-
tors.

The number of through holes formed 1n the generic chip
210, progressively increases starting from the chip 210,,
distal compared to the chip 210, and, 1n the shown example,
located at the bottom of the stack ot chips, up to the chip 210,
at the top of the stack of the chips 210.. Particularly, since the
inter-chip electric connections allow to electrically connect
the service structures 245 with the word lines WL and the bit
lines BL, the number of through holes provided in the chip
210, corresponds to the sum of the number of word lines WL
and of bit lines BL provided for in the memory device 200.

In the example at 1ssue, to provide the inter-chip electric
connections between the through holes along the lines Y1-Y 3
different techniques can be used, like, for instance, processes
of inter-chip connection that use bump-bonding, for example
of Cu.

In FIG. 2, there 1s also shown by way of example the
enlarged detail of a portion of inter-chip electric connection
between through holes of two chips 210, for example the
chips 210, and 210,. To connect to each other the through
holes belonging to the two chips, on the upper chip 210,
(closer to the chip 210,) contact pads 285 are realized, for
instance i Cu, which, when submitted to suitably high tem-
peratures (for example, 350° C.) for a predetermined time
interval (for example, 60 s) partially melt, directly attaching
to the conductive layer that coats the through holes of the
underlying chip 210,, thus providing the desired inter-chip
clectric connection.

The chips 210, can for instance have a thickness equal to 50
um and can for example be spaced apart a distance equal to 10
um. Particularly, the space between two generic chips 210,
can be filled with a dielectric material, for example low-
v1sCOs1ty resin.

In further embodiments of the present invention, the chip
integrating the service circuit structures 245 can occupy the
lowest position 1n the stack of chips (that 1s, the position
closest to the support 215). In this case, the lower surface 240,
of the chip 210, 1s electrically connected to 1ts upper surface
235, through groups of through holes that are directly
attached to the contact pads of the support 213 using contact
pads, for instance 1 Cu, without the necessity to provide the
connection wires W to the pads Ps.

According to an embodiment of the invention, the use of
the through holes allows to connect 1Cs 1ntegrated 1n more
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chips, every ICs forming a different part of the electronic
system, without the limits exhibited by the known electric
connection techniques, without penalizing the frequency of
operation of the system, and there may also be a very high
number of signals exchanged between one chip and another.
In fact, a solution according to the present invention allows to
connect electrically the chips on which the service circuit
structures are realized (such as the decoding and selection
circuits 260) to one or more chips on which the functional
circuit cores are integrated (such as for example the matrixes
220 of memory cells), thanks to the fact that, with the use of
the conductive through holes as interconnection means, it 1s
possible to realize a high number (also of the order of a
thousand or more) of electric connections between chips, a
thing that 1s practically impossible 1 conductive wires were
used. The system operation speed or the frequency of the
operational signals exchanged between a chip and the other
through the conductive holes are also not particularly penal-
1zed by the fact that different parts of the electronic system are
integrated on different chips, a thing that would instead be not
possible 1f connection wires were used.

In other words, while with the known techniques of electric
connection of ICs formed on different chips, like, for
instance, the connection through wires, separating an elec-
tronic system 1nto more subsystems, to be integrated on dii-
terent chips, would be impractical inasmuch the number of
signal lines between the different subsystems 1s high, and/or
the signal switching frequency increases, a reason due to
which many subsystems are always integrated in the same
chip, these limits are overcome thanks to the present imven-
tion.

The structure according to the embodiment of the present
invention here described allows to substantially improve the
eiliciency of the manufacturing process of the electronic sys-
tem 200, since the parts of the system, such as for instance the
service circuit structures 245, that can be manufactured with
less expensive and sophisticated apparatuses compared to the
parts that constitute the functional circuit cores of the system,
are put together 1n one (or more) service chips (1n the consid-
ered example the chip 210,), while the remaining parts of the
system, namely the functional circuit cores, that technologi-

cally require more advanced and sophisticated, and therefore
more expensive, processes are integrated in stand-alone chips
(in the example the chips 210,-210,), through dedicated pro-
cesses, exploiting 1n more efficient way the photolithographic
apparatuses (that should not be under-employed for providing
small integration density structures). In this way, the obtain-
able yield 1n the manufacturing process of the ICs integrated
in every chip 1s significantly increased.

By putting together the service circuit structures of a
generic electronic system in one or more dedicated chips
(such as for instance the chip 210,), it 1s also possible to
significantly reduce the area occupied by the generic chip
(like for 1nstance the generic chip 210, belonging to the plu-
rality 210,) 1n which the functional circuit core of the system
1s instead integrated. Overall, the electronic system 1s more
compact, and 1t 1s therefore adapted to the use in applications
in which 1t 1s desired to reduce the space occupation.

A turther advantage comprises, according to an embodi-
ment of the present ivention, 1t 1s possible to keep distin-
guished the functions of the ICs integrated in the various
chups that compose the electronic system, thereby reducing
possible malfunctiomings compared to the case 1n which the
clectronic system 1s mtegrated on a single chip. The produc-
tion cost 1s also reduced 1n comparison to the SOC solution.
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According to an embodiment of the present invention, the
chips 210, are provided on a water of semiconductor material.
After the fabrication, the watfer 1s diced into the individual
chips 210..

After the manufacture, and preferably before assembly, the
ICs mtegrated in the chips 210, are tested with the purpose of
verilying their functionality, and particularly to ensure that
they are not defective. Particularly, during the testing, infor-
mation concerning global or local physical failures (such as
the undesired presence of short circuits and break-down phe-
nomena) and the operation of every ICs integrated on the
chips 210, can in general be revealed, so that only the chips
that meet predetermined requisite pass to the following pro-
cess phases and are assembled to forming the electronic sys-

tem 200.

Preferably, at least part of the testing of the ICs 15 per-
formed at the water level, betore the dicing 1nto chips thereof

(the testing at the wafer level 1s referred to as “Electrical
Water Sort” or EWS).

For example, in case of non-volatile semiconductor
memory devices (like, for instance, in the case of Flash
memories) the EWS testing 1s performed on every chip in
which the memory matrix 220 1s realized, with the purpose of
assessing 1ts correct operation.

According to an embodiment of the present invention, to
perform the EWS testing, a test wafer specifically designed
for that purpose 1s used, which during the testing, 1s laid on the
waler to test. Particularly, the test waler includes test areas
corresponding to every chip 210, to test. In each of such areas,
the test waler includes, 1n particular, contact pads adapted to
be contacted by (mechanical micro)probes used for perform-
ing the testing, 1.e. for supplying/recerving to/from the IC
integrated on the chip to be tested the power supply and the
clectric signals necessary to the test its functionality. Each
contact pad 1s electrically connected to the through holes of
the chips 210, to be tested through further conductive through
holes, provided in the test water. The conductive through
holes provided in the test wafer are arranged 1n such a way as
to coincide, when the two walers (test waler and water to be
tested) are superimposed with those some chips 210, to be
tested, 1n other words the conductive through holes formed 1n
the test water follow the configuration of the through holes of
the chips 210..

Several varations to the embodiments of the invention just
described are possible, as well as several alternative embodi-
ments of the present mvention.

An alternative embodiment 1s shown, always by way of
example, 1n FIG. 3A; an exemplary electronic system 300
includes a plurality of two or more ICs, integrated on respec-
tive chips 310, (for1=1 ... n, in the shown example n=4). The
chips 310, are 1n particular stacked one onto the other, as in the
previous exemplary embodiment, and they are preferably
mounted on a chip support 315.

On every chip 310, respective ICs are integrated, that can
include analog and/or digital circuits, and that implement
different sub-systems of the electronic system 300.

In the considered example, the electronic system 300 1s a
memory device; however, this should not be interpreted as
limitative of the present invention, since a solution according
to the present invention can be applied to any other electronic
system that can be implemented using two or more chips
(such as, for mstance, electronic systems comprising micro-
processors, microcontrollers, DSP, as well as any combina-
tion of analog and digital 1Cs, for instance radiofrequency
transcerver ICs in combination with memory ICs and/or
microcontrollers, microprocessors, DSP ICs).
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On every chip, not only electronic circuits can be inte-
grated, but 1n general systems of various nature (microme-
chanical systems, microelectro-mechanical systems and elec-
tronic system), like MEMS, that combine the electrical/
clectronic properties of the semiconductor ICs with
mechanical, electromechanmical and also optical properties.
However, 1n the following description, for brevity it will be
assumed that 1n the various chips 310, only electronic ICs are
integrated, and particularly, as already mentioned, IC adapted
to realize a memory device.

In the exemplary embodiment of the invention here con-
sidered, the plurality of (two or more) stacked chips 310. 1n
which there are integrated the ICs that globally constitute the
clectronic system 300 includes a chip, 1n the example the chip
310, placed at the top of the stack, or in general at an end of
the stack of chips, and one or more chips, globally denoted as
310, 1n the example the chips 310,-310,, stacked between the
support 315 and the end chip 310,,.

Similarly to what has been described 1n the foregoing, the
ICs 1ntegrated 1n the chips 310,-310, of the memory device
300 include matrixes 220 of non-volatile memory elements,
for example of Flash type, arranged in memory sectors 225.

Inthe considered example, the selection of the columns (bit
lines) in the generic memory sector 223 1s structured 1n two
hierarchical levels (shown in the circuit scheme of FIG. 3B),
an upper or global hierarchical level, formed by global bit

lines GBL, and a lower, or local hierarchical level, formed by
local bit lines LBLs. To each global bit line GBL there cor-

responds a packet PLBL of local bit lines LBL, each of which
1s associated with a respective column of a generic sector 2235
of the matrix 220.

A column decoder 320 recerves 1in imnput an column address
ADD_COL and 1t properly commands the selection of the bit
lines BL of the sector 225. The column address ADD COL 1s
composed of two parts: a global column address GCA and a
local column address LCA. The global column address GCA
1s supplied in 1nput to a global bit line decoder 325 (within the
column decoder 320), which 1s responsible of the addressing
of column at a global level. The global bit line decoder 3235
commands a global bit line multiplexer 330. The global bit
line GBL coupled to the packet of bit lines PLBL, corre-
sponding to the addressed memory cell to select, 1s therefore
selected by the global bit line multiplexer 330.

The local column address LCA 1s fed 1in input to local bit
line decoder 335 (included 1n the column decoder 320), which
1s adapted to drive a local bit line multiplexer 340, for dis-
criminating the bit line BL to be selected within the packet of
local bit lines 315 corresponding to the selected global bit line
GBL.

Similarly to what described for the bit lines BL, also the
selection of the word lines 1s or can be structured on two
hierarchical levels. Particularly, an upper or global hierarchi-
cal level, formed by global word lines, and a lower, or local
hierarchical level, formed by local word lines connected to
the memory cells. Also 1n this case, 1n the memory device 300
decoding and multiplexing circuits are provided (not shown
in the drawing for the sake of simplicity) of the signals used
for performing the selection of the desired cells.

According to an embodiment of the present invention, the
chups 310,-310; include, for every memory sector 225, the
circuits for decoding the local columns and/or rows (for
example, 1n FIG. 3A there are shown the local column
decoder 320 and the local column multiplexer 340). A global
decoder 350 1s integrated in the chip 310, and comprises the
circuits (like for instance a plurality of global bit line decoders
325 and a plurality of global multiplexer 330 each corre-
sponding to the sectors 225) necessary for the selection of the
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global bit lines GBL and of the global word lines. The global
decoder 350 1s used for the selection of the memory cells
included in all the chips 310,-310,.

To such end, the local decoding circuits integrated in the
generic chip 310,-310, are connected, through groups of
conductive through holes 330 (in the drawing only some
through holes 330, , related to the chip 310, are shown, for the
sake of clarity), to corresponding groups ol conductive
through holes 375 in formed in the chip 310,, thereby pro-
viding the inter-chip electric connections between all the
chips of the stack. Particularly, to connect the local decoding
circuits of chips that are not adjacent to the chip 310, there are
provided, similarly to the case of FIG. 2, intermediate through
holes (not shown 1n the drawing) formed 1n the intermediate
chip or chips between the two non-adjacent chips.

It 1s noted that, according to an embodiment of the present
invention, the service chip 310, can have smaller dimensions
compared to the remaining chips 310,-310, of the stack, since
part of the decoding circuits are locally integrated in the chips
310,-310,.

Additionally, to further reduce the dimensions of the ser-
vice chip 310, the through holes 330, and the corresponding
375, can be realized in such a way as to occupy one prede-
termined zone of every chup 310.. In the considered example,
the groups of through holes 330, and the groups of interme-
diate holes of every chip 310, are formed along the edges of
the chips 310, for example adjacent to the sectors 225 inte-
grated 1n the corners of the chips shown 1n the drawing. Strips
in metal or other conductive material connect a plurality of
decoding and selection signal terminals of the column and/or
row local decoding circuits (for example, local column
decoder 320 and the local column multiplexer 340) to the
corresponding through holes 330, . The chip 310, 1s placed so
that the groups of through holes 375 in coincide with the
correspondings through holes 330, . in such a way as to
provide the inter-chip electric connections (and therefore in
correspondence of the through holes of every chip with which
it 1s desired to accomplish the inter-chip electric connection).

According to an embodiment of the present invention, to
perform the EWS testing, a test waler comprising the service
chip 1s used. During the testing, the test water 1s supported on
the water to be tested comprising the chips 310, belonging to
the plurality 310.. Particularly, the contact pads of the service
chips are adapted to be contacted by (mechanical micro)
probes used for performing the test, 1.e. for supplying/recev-
ing to/from the IC integrated on the chip to be tested the
supplies and the electric signals necessary to test the func-
tionality, so that it 1s possible to exploit as test waler, the waler
containing the service chips.

Each contact pad 1s electrically connected to the through
holes of the chips 310, to be tested through the conductive
through holes. The conductive through holes provide 1n the
test waler are arranged so as to coincide, when the two waters
are superimposed, with those of the chips 310, to be tested,
and particularly the test 1s performed by enabling the test
signals necessary to perform the test.

It 1s noted that the structure according to the present inven-
tion allows to substantially improve the efficiency of the
manufacturing process of the electronic system 300, since its
service sub-systems are at least partially put together, on a
single chip, and they are shared during the operation of the
clectronic system 300 by the ICs integrated in the chips com-
prising the memory matrices. In this way, the integration in
the service chip of the global decoding system can be
obtained using less expensive and sophisticated apparatuses
compared to those that need to be used for forming the
remaining sub-systems of the memory device 300 (which
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require more expensive and sophisticated processes).
Accordingly, the obtainable yield of the manufacturing pro-
cess of the ICs integrated on every chip 1s significantly
increased.

Additionally, the fact that the ICs integrated 1n respective
chips use at least partially the same service circuit structures,
allows reducing the size of the electronic system compared to
conventional SIPs. This 1s particularly advantageous 1n appli-
cations related to portable electronic devices, like for instance
cellular phones, electronic computers and storage devices
(for example USB drivers).

An example of application of an embodiment of the present
invention 1s shown 1n FIG. 4, that depicts a portable USB
device 400 with a USB connector 403 adapted to be plugged
into a USB port, for example of an electronic computer, and
comprising a memory device 410, particularly a memory
device according to an embodiment of the present invention.

In alternative embodiments of the present invention, 1t 1s
possible to implement an electronic system comprising more
stacked chips iterconnected using through holes as
described above, and every ICs of the chip could be realized
with a dedicated process tlow and have its own function. The
chips are then connected using through holes so as to meet the
application requirements (electrical and/or mechanical).

With reference to FIG. 5, there 1s shown an exemplary
scenario 1n which an electronic system comprising more
stacked chips interconnected as described above can be used,
according to an embodiment of the present invention. Particu-
larly, the considered scenario 1s that of a mobile communica-
tion system 1n which users provided with mobile communi-
cation terminals 500 (cellular phones) can communicate with
cach other. The internal circuitry of the mobile terminal 500
includes a processing unit 510, that 1s used 1n combination
with a receiving unit 520 and a transmitting unit 530 to
perform the digital processing of the data in base band, as
required by the specific protocol used. The recerving unit 520
and the transmitting unit 530 schematically represent the

radiofrequency system of the mobile terminal 500. The pro-
cessing unit 310 includes a microprocessor 540, a system bus
550, a RAM memory 560 and a ROM memory 570. Particu-
larly, the RAM memory 560, the ROM 570 and the micro-
processor 340 can be assembled 1n a single module 1n which
the service structures necessary for the operation of the elec-
tronic system are integrated on a chip and are shared by all the
operational functional cores without the necessity of dupli-
cating such structures. In this way, according to an embodi-
ment of the present invention, the functional and/or topologi-
cal areas that need dedicated process tlows (more expensive
and sophisticated) are put together. The same occurs for those
structures that require less expensive and less sophisticated
process flows, thereby achieving an improvement of the pro-
duction yield.

Naturally, to the above described solution one skilled 1n the
art may bring changes and variations, with the purpose of
satisiying contingent and specific requirements. Particularly,
although the present invention has been described with refer-
ence to 1ts preferred embodiments, 1t 1s clear that various
omissions, substitutions and changes in the form and 1n the
details, as well as other embodiments are possible; 1t 1s also
expressly understood that specific elements and/or method
steps described 1n connection with each described embodi-
ment of the mvention can be incorporated in any other
embodiment, as a normal matter of choice.

For example, although in the preceding description refer-
ence has been made to a system 1n which the chip placed at the
top of the stack of chips comprises only the service circuitries,

10

15

20

25

30

35

40

45

50

55

60

65

14

it 1s possible that this chip also includes other circuits, for
example matrices of memory cells.

Additionally, it 1s possible that the chip containing the
service structures an intermediate position within the stack of
chips.

Moreover, 1t 1s possible that 1n alternative embodiments of
the present invention the chips of the pluralities 210, and 310,
have dimensions different from each other.

What 1s claimed 1s:

1. An electronic system adapted to perform a correspond-
ing function and comprising at least a first subsystem and a
second subsystem, the first subsystem and the second sub-
system being operatively coupled to each other through a
plurality of electric connections to perform the function of the
system, the first subsystem and the second subsystem are
respectively integrated on a first material chip and on a second
material chip, and said plurality of electric connections
includes a plurality of conductive through holes provided in at
least one of said first and second chips and adapted to provide
a corresponding plurality of chip-to-chip electric connections
when the first and the second chips are superimposed,
wherein

a required lithographic patterning resolution for at least

some elements 1n one of the first or second subsystems 1s
higher than a highest patterning resolution for the other
one of the first or second subsystems.

2. The electronic system according to claim 1 incorporated
in a cell phone.

3. The electronic system according to claim 1, 1n which
said conductive through holes are adapted to transier opera-
tional signals used for performing said function.

4. The electronic system according to claim 3, comprising
at least a third subsystem 1ntegrated on a third material chip,
said third chip occupying a space comprised between said
first chip and said second chip, third conductive through holes
on the third chip being provided for electrically joining said
first subsystem with said second subsystem.

5. The electronic system according to claim 1, 1n which
said plurality of conductive through holes includes first con-
ductive through holes provided 1n the first chip and second
conductive through holes provided in the second chip, the first
and the second through holes being arranged so that, when the
first subsystem and the second subsystem are operatively
coupled, each first through hole 1s 1n a one to one relationship
with a corresponding second through hole.

6. The electronic system according to claim 1, in which the
first subsystem and the second subsystem respectively
include a first integrated circuit and a second integrated cir-
cuit, said first integrated circuit comprising a memory cells
matrix and said second integrated circuit comprising circuits
of management of the access to the memory cells matrix.

7. The electronic system according to claim 6, in which the
memory cells matrix includes at least one sector in which the
memory cells are arranged in rows and columns, and the
circuits of management include a decoding system adapted to
access the memory cells of the matrix 1n response to an
address code received from the outside, the decoding system
comprising a plurality of row address decoding and selection
blocks and a plurality of column address decoding and selec-
tion blocks adapted to select the rows and the columns of the
at least one sector through the operational signals exchanged
through the first through holes and the second through holes.

8. The electronic system according to claim 6, in which the
rows and the columns of the at least one sector are grouped in
at least two subgroups, every subgroup being addressable by
a corresponding global decoder and every row and/or every
column of every subgroup being addressable by a local
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decoder, said first integrated circuit comprising at least one
local decoding system associated with the at least one sector
of the matrix and said second integrated circuit comprising at
least one global decoding system associated with the at least
one sector of the matrix.

9. The electronic system according to claim 1, comprising,
a support adapted to sustain the first chip.

10. The electronic system according to claim 9, 1n which
the support for chip includes a plurality of first contact pads
and the second chip includes a plurality of second contact
pads, the first contact pads being connected to respective
second contact pads through conductive connection wires.

11. The electronic system according to claim 1, comprising
a support for chip adapted to sustain the second chip, the
support for chip comprising a plurality of first contact pads
and the second chip comprising a plurality of through holes,
said plurality of through holes being adapted to be electrically
connected to the first contact pads.

12. An electronic apparatus that comprises an electronic
system according to claim 1.

13. A stacked multi-chip circuit comprising:

a first integrated circuit configured to provide a first system

functionality, the first integrated circuit being formed on
a first chip and including a plurality of conductive
through holes extending through the first chip; and

a second integrated circuit configured to provide a second

system functionality, the second integrated circuit being
formed on a second chip and including a plurality of
conductive contacts aligned with the plurality of con-
ductive through holes on the first chip, wherein

the second chip 1s adjacent the first chip and the conductive

contacts are electrically coupled to the conductive
through holes, and

a required lithographic patterning resolution for at least

some elements 1n one of the first or second i1ntegrated
circuits 1s higher than a highest patterning resolution for
the other one of the first or second integrated circuits.
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14. The multi-chip circuit of claim 13, wherein the first
integrated circuit 1s fabricated according to a first manufac-
turing process and the second integrated circuit 1s fabricated
according to a second manufacturing process that 1s different
from the first manufacturing process and incapable of fabri-
cating the first integrated circuat.

15. The multi-chip circuit of claim 13, wherein at least one
of the conductive through holes 1s adapted to transier opera-
tional signals between the first chip and a second chip.

16. The multi-chip circuit of claim 13, further comprising
a third chip having a third integrated circuit, wherein at least
one of the conductive through holes 1s adapted to transfer
operational signals between the first chip and the third chip or
the second chip and the third chip.

17. The multi-chip circuit of claim 16, wherein the first
chip 1s between the second and third chips.

18. The multi-chip circuit of claim 13, wherein the con-
ductive through holes are connected to the conductive con-
tacts by bump bonding.

19. The multi-chip circuit of claim 13, wherein the first
integrated circuit includes first circuit elements and the sec-
ond integrated circuit includes service circuit elements for
servicing the first circuit elements.

20. The multi-chip circuit of claim 19, wherein the first
circuit elements include memory elements.

21. The multi-chip circuit of claim 19, further comprising
a third integrated circuit configured to provide the first system
functionality, the third integrated circuit being formed on a
third chip and electrically coupled to the second integrated
circuit, wherein the third integrated circuit includes third
circuit elements and a plurality of conductive through holes
extending through the third chip and the service circuit ele-
ments also service the third circuit elements.

22. The multi-chip circuit of claim 13 disposed 1 a
memory device, a digital signal processor, a microprocessor,
or a microcontroller.
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